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In their study, Wen et al. [1] provide vital verification of
the phonon-mediated pairing mechanism in bismuthates
superconductors, by investigating the Ba0.51K0.49BiO3
(BKBO) benchmark material within the combination of
the angle resolved photoemission spectroscopy and the
density functional theory calculations. However, at the
same time they suggest that the discussed phase is well
described within the canonical Bardeen-Cooper-Schrieffer
(BCS) theory [2, 3], which appears to be puzzling due
to the high electron-phonon coupling constant (λ ∼ 1.3)
and relatively low Fermi energy (EF ∼ 2870 meV) in
BKBO [1]. In fact, even when the postulated impact of a
long-range Coulomb interactions is taken into account [1],
the mentioned superconducting properties of BKBO still
imply increased role of the strong-coupling, retardation,
and possibly non-adiabatic effects, not captured in the
mean-field BCS theory [4–6] and the discussed study itself.
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FIG. 1. (A) The electron-phonon spectral function (α2F (ω))
of BKBO from [1] (red open circles) and its high-resolution
counterpart from [7] (black solid line) as a function of phonon
frequency (ω). (B) The half-width of pairing gap (∆) in BKBO
as a function of temperature (T), within the experiment (black
open circles), the BCS theory (grey solid line), as well as the A-
E (red open triangles) and N-E equations (blue open triangles).
Actually, a suitable model which generalizes the BCS
theory, to properly address above effects, is the formalism
of the non-adiabatic Eliashberg equations (N-E) which
considers the first-order vertex corrections to the electron-
phonon interaction [5, 6, 8]. According to the pairing
gap character in BKBO [1], these N-E equations can take
isotropic form and be employed for the high-resolution
electron-phonon spectral function α2F (ω) [7] which re-
sembles experimental data in [1] (see Fig. 1 (A)); where
α is the average electron-phonon coupling and F (ω) rep-
resents the phonon density of states at given phonon fre-
quency ω. Indeed, as depicted in Fig. 1 (B), the solutions
of such N-E equations (blue open circles) reproduce well
the experimental half-width of the pairing gap (∆) for the
selected temperature (T ) values (black open circles). How-
ever, at the same time, these results agree with the BCS
fit [1] (grey solid line) only for the high temperatures, and
shift toward higher ∆ values as the temperature becomes
lower. The outcome of such behavior is that the charac-
teristic 2∆(0)/kBTC ratio equals to 4.05 within the N-E
formalism; where 2∆(0) gives the pairing gap at T = 0
K, kB is the Boltzmann constant and TC denotes criti-
cal temperature. Therefore, the calculated 2∆(0)/kBTC
ratio visibly exceeds its canonical BCS value of 3.5, as
postulated in [1], and prove that the superconducting
state in BKBO is influenced by the strong-coupling and
retardation effects (in correspondence with the mentioned
high λ constant). On the other hand, to verify the role of
non-adiabatic effects in BKBO, the N-E estimates should
be additionally compared to the results of the isotropic
Eliashberg equations in the adiabatic regime (A-E) [8, 9]
for the α2F (ω) function from [7]. In Fig. 1 (B), it can
be observed that the N-E predictions are indeed more
physically relevant than those of the A-E formalism (red
open triangles), due to their smaller discrepancy with the
experimental data. Still the observed difference is not
large and the role of non-adiabatic effects can be better
pictured by further inspection of the Coulomb pseudopo-
tential (µ∗), which models the depairing electron-electron
correlations. In details, for the results presented in Fig. 1
(B), the N-E equations yield much lower value of the µ∗
parameter than the A-E approach i.e. 0.148 and 0.204 for
the N-E and A-E model, respectively. In this context, the
N-E estimate is well described within the Morel-Anderson
model [10] which is not the case for the A-E result, validat-
ing that the non-adiabatic effects also play an important
role in the BKBO superconductor.
In summary, the results presented herein partially cor-
rect observations made in [1] by showing that the super-
conducting phase in BKBO exhibits multiple signatures
of the non-canonical behavior and is governed by the
complex interplay between subtle effects. In this regard,
the BKBO superconductor cannot be properly described
within BCS theory as proposed in [1].
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